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Abstract
Application of organic materials can amend soil for improved water infiltration
and reduced erodibility with effects varying with soil properties and the organic
amendment type and rate. The effects of four livestock manures, three municipal
biosolids, and one industrial by-product on dry and wet soil aggregate stability
were evaluated at six sites in Nebraska. The amendments had similar C/N ratios
but the biosolids had relatively high concentrations of lignin and cellulose. Soil
organic matter (SOM) ranged from 21 to 65 g kg−1 and soils were silty clay loam,
silt loam, or loamy sand. Soil was sampled for the 0- to 0.05-m depth at physiological maturity of the second corn (Zea mays L.) crop following amendment application. Aggregation was high with no amendment applied as >95% of the soil was
in water stable aggregates (WSA) > 0.053 mm and was not affected by amendments with a few exceptions such as an increase in dry aggregate size and WSA
0.25–2.0 mm at one location. Dry aggregate size was much less for the loamy sand
than with other soils. With SOM >60 g kg−1 compared with less SOM, there was
42% more WSA >2 mm and 38% less WSA <2 mm diam. It cannot be concluded
that organic amendment application will improve aggregation if SOM >20 g kg−1
but larger effects may have occurred with: sampling sooner after amendment
application; a 0- to 0.025-m sampling depth; or sampling at several months after
harvest for reduced effect of the rhizosphere on aggregation.

1

INTRODUCTION

Soil aggregation is important for rapid water infiltration and to soil resistance to erosion. Land application
of organic amendments can improve soil aggregation
Abbreviations: DMWD, mean weight diameter of dry aggregates;
ENREC, Eastern Nebraska Research and Extension Center; GMD,
geometric mean diameter of dry aggregates; SOM, soil organic matter;
WEF, wind-erodible fraction of soil or aggregates <0.84-mm diameter;
WMWD, mean weight diameter of wet aggregates; WSA, water
stable aggregates.

(Blanco-Canqui & Lal, 2010; Blanco-Canqui et al., 2013;
Hernandez, Hernandez, & Garcia, 2017; Lal, 2015; Rabot,
Wiesmeier, Schlüter, & Vogel, 2018; Wortmann & Shapiro,
2008) while supplying nutrients and often with benefit
to other soil physical, chemical, and biological properties (Blanco-Canqui & Lal, 2010; Sarker, Incerti, Spaccini, Piccolo, & Mazzoleni, 2018). Organic amendment
effects on soil aggregation vary with amendment properties and rate (Blanco-Canqui & Lal, 2010; Hernandez
et al., 2017; Six, Elliot, Paustian, & Doran, 1998; Wortmann
& Shapiro, 2008). For example, addition of manure and
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compost with abundant microbial biomass contributed
more to soil aggregation than crop residues (Hernandez et al., 2017). The extent to which organic amendments affect soil aggregation can also depend on the
amendment’s C/N ratio and the contents of cellulose,
lignin, and polyphenol (Blanco-Canqui et al., 2013; Palm
& Sanchez, 1991).
Time after application and soil textural class could
also be important determinants of organic amendment
effects. For example, Mikha, Hergert, Benjamin, Jabro, and
Nielsen (2015) found that application of 27 Mg ha−1 yr−1 of
cattle manure for 70 yr to a sandy loam increased water stable aggregates (WSA) in western Nebraska. However, after
3 yr of application of sheep and cattle manure to a silt loam,
there was no effect on both dry and wet aggregate stability in eastern Nebraska (Blanco-Canqui et al., 2014). In a
recent review, Blanco-Canqui and Wortmann (2017) found
that livestock manure application had mixed effects on the
wind erodible fraction (WEF) and dry aggregate stability
depending on time after application and soil type.
Further study of the effects of applying organic amendments of different characteristics on dry aggregation and
WSA across different soil texture classes and management conditions was justified. The objectives of this study
were to determine impacts of one-time application of eight
organic amendments on dry soil aggregate size and WSA
for six soils under rainfed or irrigated continuous corn (Zea
mays L.) production in Nebraska. We hypothesized that a
single application of organic amendment would increase
mean dry aggregate size and WSA, that higher cellulose
and lignin content would increase the amendment effect,
and that the effects of organic amendment are affected by
sand content, pH, and initial soil organic matter.

2
2.1

MATERIALS AND METHODS
Study sites

The study was conducted at six sites in eastern Nebraska.
Three fields in Saunders County included: a rainfed
site (Eastern Nebraska Research and Extension Center
[ENREC], 41.156, 96,410, 347 m) with a Filbert silt loam
(fine, smectitic, mesic Vertic Argialbolls); an irrigated site
(41.389, 96.794, 420 m) with Yutan silty clay loam (finesilty, mixed, superactive, mesic Mollic Hapludalfs); and
another rainfed site (41.344, 96.793, 430 m) with Pohocco
silty clay loam (fine-silty, mixed, superactive, mesic Typic
Eutrudepts) (Table 1). Two sites in Colfax County included:
an irrigated site (41.456, 97.134, 420 m) with Lawet silt loam
(fine-loamy, mixed, superactive, mesic Typic Calciaquolls)
and a rainfed site (41.504, 97.079, 430 m) with Alcester silty clay loam (fine-silty, mixed, superactive, mesic

Core Ideas
∙ Organic amendments had limited effects on
near-surface dry and wet aggregate properties.
∙ Dry aggregate properties including WEF are
much affected by soil sand content.
∙ Organic amendments could have had more
effect on soil aggregation on marginal soils.

Cumulic Haplustolls). The third irrigated site was in Antelope County (42.370, 97.836, 520 m) with Boelus loamy fine
sand (sandy over loamy, mixed, superactive, mesic Udic
Haplustolls). All sites except for ENREC were on farmers’
fields with farmer management except for fertilizer-N and
amendment application.

2.2

Experimental design

At each site, the experimental design was a randomized
complete block design with four replications. The plot size
was 3.8 by 12.2 m. The treatments were: (a) raw feedlot
manure, (b) dry beef feedlot scrapings, (c) raw poultry
manure, (d) composted dairy manure, (e) Lincoln municipal biosolid, (f) Fremont composted biosolid, (g) Fremont
dewatered biosolid, (h) Novozyme by-product, and (i) a
control with no organic amendment (Table 2). The organic
amendments were applied either in late fall 2015 or early
spring 2016. The trials were established for the additional
objective of improving applied organic N use efficiency
(Garcia-Montealegre, Wortmann, Schepers, & Little, 2019).
The sites were in continuous corn since 2015. The rates of
amendment application were determined to achieve similar fertilizer N substitution. The sites were disc-tilled following application of the organic amendments but had no
further tillage. The plots with organic amendment applied
did not receive fertilizer-N but 120 kg ha−1 fertilizer N was
applied for the control.

2.3

Soil sampling and analyses

Composite soil samples of about 2 kg were collected with
a squared-end shovel for the 0- to 0.05-m soil depth. The
samples were for dry aggregate size and WSA determination and collected from inter-row, non-tracked positions
at physiological maturity of corn in September or October 2017.
The dry aggregate size was determined with approximately 1 kg of soil air dried at 60 ◦ C in a forced air oven
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Initial soil properties for the 0- to 0.2-m depth for six studies conducted in Nebraska (Garcia-Montealegre et al., 2019)

Sites

Soil texture

pH

Organic matter

CEC

g kg−1

cmolc kg−1

Rainfed
ENREC

Silt loam

5.7

40.2

19.6

Saunders

Silty clay loam

6.3

63.0

22.3

Colfax

Silty clay loam

6.0

28.5

15.6

Silty clay loam

6.0

35.5

19.7

Irrigated
Saunders
Colfax

Silt loam

7.9

65.5

40.4

Antelope

Loamy fine sand

5.5

21.0

12.0

Note. CEC, cation exchange capacity; ENREC, Eastern Nebraska Research and Extension Center.

TA B L E 2
et al., 2019)

Rates (wet weight) of application and properties of organic amendments for the six studies in Nebraska (Garcia-Montealegre

Amendment

Rate wet weight
Mg ha

a

pH

C/N ratio

Organic C

−1

a

Organic N
−1

g kg

Stockpiled feedlot manure

39

7.8

10.3

89

8.4

Dry feedlot scrapings

22

7.9

11.8

137

11.3

Raw poultry manure

7

6.4

9.5

408

38.3

Dairy manure compost

15

8.0

9.0

147

16.0

Novozyme by-product

12

12.4

6.0

176

29.9

Lincoln municipal biosolid

16

6.4

7.1

366

45.3

Fremont composted biosolid

32

8.9

9.7

217

21.0

Fremont dewatered biosolid

16

6.6

8.3

392

44.6

The mean cellulose plus lignin concentration was 296 g kg−1 for manure amendments and 488 g kg−1 for biosolid amendments.

for 72 h. The soil was dry-sieved in duplicate using a RoTap sieve shaker (López, de Dios Herrero, Hevia, Gracia,
& Buschiazzo, 2007) for 5 min and separated into aggregate diameter fractions of <0.425, 0.425−0.84, 0.84−2.2,
2.2−6.3, 6.3−14, 14−45, and >45 mm. The geometric mean
diameter (GMD) and the mean weight diameter of dry
aggregates (DMWD) was computed (Nimmo & Perkins,
2002). The wind erodible fraction (WEF) was computed as
the amount of soil in dry aggregates of <0.84 mm diam.
divided by the total dry soil mass.
The wet aggregate stability was determined by breaking the soil apart by hand along natural cleavage lines and
air drying at 60 ◦ C in a forced air oven for 72 h. The soil
was sieved to remove aggregates of >8 mm (Nimmo &
Perkins, 2002). A 50 g sieved sample was placed on a filter paper on the top sieve of a stack of five sieves with
4.75, 2.0, 1, 0.25, and 0.053 mm diam. openings. The soil
was wetted by capillarity for 10 min and then the filter
paper was removed. The stack of sieves was then rotated
in water for 10 min at 30 rotations min−1 . The aggregates
retained on each sieve were transferred to beakers, ovendried at 105 ◦ C, and weighed. These aggregate samples
were then treated with Na hexametaphosphate to disperse

soil aggregates and passed through sieves with 0.053-mm
openings to recover sand particles which were oven dried
at 105 ◦ C for sand content correction (Nimmo & Perkins,
2002). The dry weight for each WSA size fraction and the
mean weight diameter of wet aggregates (WMWD) were
determined using the mass and amount of each WSA size
fraction (Nimmo & Perkins, 2002).

2.4

Statistical analysis

Prior to statistical analysis, outlying extreme values were
identified as deviating from the treatment mean for the
trial by more than two times the standard deviation of the
trial and removed. There were 216 samples and the number of outliers removed were 5 for WEF, 5 for DMWD, 3 for
GMD, 2 for WMWD, 3 for WSA >2 mm, 3 for WSA 0.25–
2 mm, 2 for WSA 0.053–0.25 mm, and 2 for WSA >0.25 mm.
Analyses of variance of all soil aggregate indices determined were conducted combined across five of the sites
with blocks as random variables and sites and treatments
as fixed factors using Statistix 10 (Analytical Software).
The data for the loamy fine sand of Antelope County was
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analyzed separately due to lack of homogeneity of variance with other sites. Contrast analyses were used to compare means by location of different types of amendments
including the means of all amendments compared with
no amendment; livestock manure compared with municipal biosolid amendments; and biosolid amendments compared with no amendment. Sample data were analyzed
to determine Pearson correlation coefficients for the relationships of soil sand content to soil aggregate properties.
Effects were considered significant with P ≤ .05.

3

RESULTS

The effect of amendments on dry aggregate properties was
not significant with a few exceptions (Table 3). The mean
dry aggregates were 6.47 mm GMD, 16.5 mm DMWD, and
263 g kg−1 WEF. The GMD and DMWD were higher for
the mean for amendments applied than with no amendment for ENREC but not for the other sites. The GMD
was greater with biosolid than manure amendment for
the rainfed site in Saunders County. Biosolid amendment
increased DMWD compared with no amendment for the
loamy fine sand soil which had small dry aggregates of
0.84 mm GMD, 4.4 mm DMWD, and 769 g kg−1 WEF.
The WEF for biosolids compared to manures was higher at
ENREC but lower at the loamy fine sand site. The lack of
much difference in effects of amendments with high compared with low cellulose plus lignin concentration indicated that this characteristic was not important on soil
structural indices under the conditions of this study.
Sixty-eight percent of the sand-free soil was in
WSA >2 mm and 21% was in WSA 0.25–2 mm with a
MWDW of 3.4 mm. Application of amendments did
not affect MWDW but there were some effects on WSA
fractions (Table 4). Amendments resulted in 10.2% more
sand-free soil in WSA >2 mm accompanied by a 6.4%
decrease in WSA 0.053–0.25 mm for the irrigated site
in Saunders County. There was 7.3% more soil in WSA
0.25–2 mm with amendment, primarily due to biosolids, at
ENREC. The only case of biosolid differing from manure
was for WSA 0.25–2 mm at the rainfed site in Saunders
County indicating that the variation in cellulose plus
lignin concentration was not important to WSA.
The sand-free WSA where soil organic matter (SOM)
was >60 g kg−1 compared with other sites had 42% more
WAS >2 mm and 38% less WSA <2 mm. Soil pH ranged
from 5.5 to 7.9 (Table 1) but there was no evidence of soil pH
effects on soil aggregation. Soil sand content was related
to WEF (r = .93), DMWD (r = –.61) and GMD (r = –.59)
with sand content for the loamy fine sand greatly affecting
these relationships. Sand content did not affect sand-free
WMWD but most of the loamy fine sand was retained as

sand on the 0.53-mm sieve. Aggregate properties did not
differ for irrigated compared with rainfed sites once the
loamy fine sand was excluded from the comparison.

4

DISCUSSIONS

Interpretation of these results showing little organic
amendment effect on soil aggregation needs to consider that all sites: (a) had highly productive soils with
much crop residue returned to the soil annually (GarciaMontealegre et al., 2019); (b) were sampled at physiological maturity of the second corn crop and >17 mo after
the one-time application of amendments; (c) had no tillage
in the year of sampling; (d) had well-aggregated soil with
most soil in WSA >2 mm even without amendment; and
(e) were sampled for the 0.00- to 0.05-m depth rather than
for a shallower depth.
In the current study, <5% of the soil passed through
the 0.053-mm sieve during the WSA evaluation and 85%
of the soil was in WSA >0.25 mm without amendment
which was high compared with other results from eastern Nebraska (Quincke et al., 2007; Wortmann, Drijber,
& Franti, 2010; Wortmann & Shapiro, 2008). This left little opportunity for increasing WMWD (Table 4). The high
sand-free soil aggregation with and without amendment at
physiological maturity of the corn was likely more affected
by corn root-mycorrhyzal biomass and length, and by root
exudates (Blanco-Canqui, Sindelar, Wortmann, & Kreikemeier, 2017; Le Bissonnais et al., 2017), than if the sampling were done in the spring following some degradation
of the rhizosphere influence. The regular return of corn
crop residues with substantial cellulose and lignin content to the surface soil likely contributed to soil aggregate
size and stability and masked the effects of the organic
amendments. No tillage in the year of sampling may have
contributed to aggregation but tillage would likely have
an inconsistent and short duration effect for these soils
(Quincke et al., 2007). The effect of organic amendments
diminishes over time and effects are likely to be greater
in the 0.0- to 0.025-m than the 0.0- to 0.05-m depth since
the disk tillage incorporation left the amendment mostly
concentrated in the 0.0- to 0.025-m depth (Scanlan &
Davis, 2019; Wortmann & Shapiro, 2008; Wortmann & Walters, 2007).
With the loamy fine sand excluded, the means were
7.61 mm GMD, 18.9 mm DMWD and 162 g kg−1 WEF,
compared to an average of 350 g kg−1 WEF for 13 other
studies with medium texture soil (Blanco-Canqui &
Wortmann, 2017) (Table 3). These values indicated strong
aggregation. Site differences for WEF were related to soil
texture with the highest WEF for the loamy fine sand and
the lowest WEF with a silt loam and a silty clay loam.

5.60

10.81

10.07

11.21

8.84

10.00

9.48

8.72

6.36

No amendment

Stockpiled feedlot
manure

Dry feedlot manure
scrapings

Raw poultry manure

Dairy manure
compost

Novozyme
by-product

Lincoln municipal
biosolid

Fremont composted
biosolid

Fremont dewatered
biosolid

WEF, g kg−1

–5.41

**

–0.47

WEF

–0.04

–0.55

3.35

–1.36

1.12

1.93

1.19

159.2

15.3

6.31

7.03

6.25

8.26

5.78

5.84

6.71

5.58

6.11

5.25

Irrigation

Note. ENREC, Eastern Nebraska Research and Extension Center.
a
Contrast results are reported for the differences of all amendments–control; biosolid–manure; and biosolid–control.
*
Significant at P < .05.
**
Significant at P < .01.

6.90

DMWD

–2.86

WEF

Biosolid– control

–0.95

**

2.85

2.43*

–2.05

9.17

–1.17

3.84*

143.9

14.6

6.38

5.04

9.58

9.11

4.40

4.33

4.99

6.41

6.19

7.42

Saunders
Rain

GMD

Biosolid–manure

DMWD

GMD

All–control

a

188.8

DMWD, mm

Significant contrast differences

9.01

25.5

GMD, mm

Site means

ENREC
Rain

Treatment

1.03
–0.42

–1.1

0.07

–0.39

2.85

2.27

125.0

21.3

9.68

6.63

10.29

12.20

9.96

9.99

10.43

12.28

7.69

7.67

Irrigation

0.49

–0.58

1.04

–1.62

0.63

194.3

17.8

6.65

7.75

6.87

7.61

6.02

6.67

5.93

6.01

6.87

6.08

mm

Colfax
Rain

*

–2.12

4.66*

–0.52

0.10

3.76

0.45

769.5

4.4

0.84

0.94

1.15

0.76

0.91

0.86

0.64

0.93

0.96

0.45

Antelope
Irrigation

–0.78

2.26

–0.67

0.37

1.78

1.20

263.5

16.5

6.47

5.63

7.14

7.90

6.18

6.09

6.65

6.88

6.44

5.41

Mean

T A B L E 3 Geometric mean diameter (GMD) and the site means for the mean weight diameter (DMWD) of dry soil aggregates and the wind erodible fraction (WEF; <0.84-mm diam.) as
affected by organic amendments at six sites in eastern Nebraska
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2.27

2.50

Fremont composted
biosolid

Fremont dewatered
biosolid

532

0.90

7.92*

–2.56

WSA 0.25–2 mm

WSA 0.053–0.25 mm

–6.36

–1.79

2.43

2.02

–0.48

–0.12

2.69

–5.45

5

154

229

612

3.12

3.12

2.68

3.48

2.7

3.07

2.91

3.7

3.18

3.28

WMWD, mm

Colfax
Rain

Note. ENREC, Eastern Nebraska Research and Extension Center.
a
Cases with significant contrast results are reported for the differences of all amendments–control; biosolid–manure; and biosolid–control.
*
Significant at P < .05.

0.11

1.70*

0.82

*

5.34

–0.18

–0.04

Biosolid–manure

WSA 0.25–2 mm

Biosolid–control

–0.27

–0.21

7.31*

WSA 0.25–2 mm

–4.73

0.18

10.16*

–5

180

294

–5.94

0

18

54

2.35

2.26

2.66

1.97

1.88

2.15

2.23

3.07

2.81

2.11

Irrigation

WSA > 2 mm

All– control

a

154

–2

WSA 0.053–0.25 mm

WSA < 0.053 mm

Significant contrast differences

536

312

WSA > 2 mm

WSA 0.25–2 mm

WMWD, mm

5.21

4.82

5.19

929

2.00

Lincoln municipal
biosolid

5.23

5.09

5.17

2.25

Novozyme by-product

5.57

5.51

4.83

5.11

Saunders
Rain

2.33

2.52

Dairy manure compost

Site means

2.28

2.21

2.16

Stockpiled feedlot
manure

Raw poultry manure

2.77

No amendment

Dry feedlot scrapings

ENREC
Rain

Treatment

0.39

–0.15

–3.18

0.38

1.49

–3.35

0

64

169

768

3.78

4.32

4.33

3.23

3.96

3.29

3.84

3.47

3.72

3.85

Irrigation

1.90

0.47

–2.87

0.18

2.59

–2.54

0

112

182

706

3.58

3.01

4.23

3.87

3.37

3.63

4.24

3.47

2.75

3.68

Antelope
Irrigation

0.45

1.56

–0.07

–0.01

1.52

–1.15

0

114

207

680

3.38

3.24

3.50

3.23

3.29

3.40

3.50

3.58

3.29

3.47

Mean

T A B L E 4 Sand-free mean weight diameter of water stable soil aggregates (WMWD) under different organic amendments and soil textural classes. The sites means for sand-free soil in
water stable aggregates (WSA, g kg−1 ) of > 2 mm, 0.25–2 mm, 0.053–0.25 mm, and < 0.053 mm are also reported
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Soil texture and SOM can affect soil aggregation (Kara &
Baykara, 2014) and the high sand content and relatively
low SOM likely contributed to the dry soil fragility and
low GMD and DMWD for the loamy fine sand.
The effects of organic amendments on WEF have been
inconsistent but with most studies reporting no decrease
in WEF (Blanco-Canqui & Wortmann, 2017). The effect
of applied organic amendments on soil aggregation is
expected to be greater with SOM of <10 g kg−1 , such as
with much eroded soil (Kara & Baykara, 2014). The SOM
was ≥21 g kg−1 with a mean of 42 g kg−1 and the CEC was
≥12 cmolc kg−1 with a mean of 22 cmolc kg−1 for the 0- to
0.2-m soil depth for the current study (Table 1). However,
application of sufficient organic amendment did increase
resistance to erosion and reduced runoff for a silt loam
with >30 g kg−1 SOM in eastern Nebraska (Wortmann &
Walters, 2007).
At the two sites with organic amendment effects, the
decrease in WEF corresponded with an increase in DMWD
and an increase in GMD at ENREC-Rain. Increased soil
sand content was associated with reduced dry aggregate
size but not with WSA properties. As stated earlier, the
study soils had >28 g kg−1 SOM content, except for Antelope irrigation (ANT-Irr), with 100% crop residue retention which contributes to soil aggregation (Blanco-Canqui
& Wortmann, 2017). As a result, the soils were wellaggregated with little opportunity for improving aggregation through organic amendment application. Future similar studies may be better done on soils with <20 g kg−1
SOM, such as eroded soils, and sampling should be at least
several months after harvest, such as in the spring when
rhizosphere effects on aggregation are reduced and when
both wind and water erosive forces tend to be greatest in
eastern Nebraska.
The results did not fully support the three stated
hypotheses. A single application of organic amendment
cannot be expected to generally increase dry aggregate
size and WSA for soils similar to those of this study. The
hypothesis that amendment effects for reduced WEF and
increased WSA aggregation with increased cellulose plus
lignin content of the amendment was generally rejected
for these soils as the effect occurred at ENREC only. Soil
sand content was associated with WEF but not with WSA.
Soil pH was not associated with soil aggregation. Dry
aggregate size and WMWD were greater with >60 than
with <60 g kg−1 SOM.

5

CONCLUSION

Application of organic amendments had little effect on
near-surface dry and wet soil aggregate properties. Dry
aggregate properties including WEF are much affected by
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soil sand content. The WSA > 0.25 mm tend to be more
with SOM > 60 g kg−1 compared with less SOM. It cannot be concluded that soil aggregation will be affected
by soil pH and by organic amendment application when
the soil is already well aggregated. Also, it cannot be concluded that the amendment levels of cellulose plus lignin
are important to amendment effects on soil aggregate properties. Future amendment research should focus on soils
with <20 g kg−1 SOM for a greater probability of amendment effects on soil aggregation. Moreover, sample collection for such analysis should be carried out when soil is
most susceptible to erosion such as in the spring in eastern Nebraska.
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